Introduction
============

Thyroid cancer (TC) is the most common endocrine malignancy that accounts for 1% of all cancers, about 95% of endocrine cancers and 60% of all death from endocrine, Epidemiological studies have reported a progressive increase in the overall incidence in most countries [@B1]. For example, the changes in the incidence of TC in the United States between 1975 and 2009 was from 4.9 to 14.3 per 100 000 individuals. However, the mortality of TC has remained stable (approximately 0.5 deaths per 100 000) [@B2]. In China, the TC incidence was increased 2.35 times from 1988 to 2009, with an average annual increase of 5.92%. Moreover, the female TC incidence has been ranked among the top 10 cancer profile between 2005 and 2010 [@B3], [@B4]. However, the relative increase has been larger in men than women, showing that the increased incidence in men was almost 3 times greater than that of women[@B5] .

Interestingly, virtually all of the increased diagnosis of TC is attributable to an increase in papillary thyroid cancer (PTC), which accounts for more than 80% of all thyroid malignancies [@B6]. PTC is a well-differentiated thyroid cancer stemmed from follicular epithelial cells and characterized by distinctive nuclear features [@B7], [@B8]. The cellular features of PTC are amphophilic, finely granular cytoplasm, large pale nuclei, nuclear grooves, and psammoma bodies. It has been known that PTC is a multifactorial disease affected by both genetic and environmental factors such as iodine intake or radiation exposure [@B9], [@B10].However, their relative contributions and the molecular mechanisms are still inconclusive [@B11].

Several studies have reported the association between MAPK signaling pathway gene polymorphisms and PTC [@B12], [@B13]. *KRAS* gene, an oncogene from the mammalian *RAS* gene family that plays an important role in the MAPK pathway, encodes a protein that is a member of the small GTPase superfamily [@B14], [@B15]. The protein product of the normal *KRAS* gene performs an essential function in normal tissue signaling, and regulates a variety of biological processes, including cellular proliferation and apoptosis [@B16]. The mutation of *KRAS* gene is an essential step in the development of many cancers [@B17], particularly the mutation in the coding region of the *KRAS* gene, one of the major oncogenic mutation found in human cancer, which result in hyper-activation of the protein [@B18].

The expression of *KRAS*can be regulated on the gene level and affected by a single nucleotide polymorphism (SNP) located within the promoter or other regulatory regions [@B19]. The genotype and allele of SNP in the carcinogenesis-related genes might provide a simple and valuable method to predict the risk and the prognosis of cancer [@B20]. However, for a given set of markers spanning a gene, haplotype data usually provide more information than a single marker or even a group of markers analyzed separately. In the present study, we had chosen 4 tag polymorphism markers at the *KRAS* locus in our Chinese population and hypothesized that the *KRAS*gene variants may play a role in susceptibility to PTC. In addition, inflammation in thyroid gland such as nodular goiter [@B21], [@B22] has been confused with TC. Moreover, nodular goiter has shown the potential for malignancy and may be a risk factor for the development of TC [@B23]-[@B25] .Therefore, we had also recruited a group of nodular goiter as the disease controls and examined whether nodular goiter may be a transition stage for the occurrence of PTC.

Methods
=======

Subjects
--------

Eight hundred and sixty-one patients were recruited in the China-Japan Union Hospital of Jilin University from January 2011 to December 2013. Patients were diagnosed on the basis of pathological results of ultrasonography-guided, fine needle aspiration biopsy or resected specimens according to the revised American Thyroid Association management guidelines for patients with PTC. The exclusion criteria in the PTC group were patients with concomitant diagnosis of other cancers.

Eight hundred and ninth-seven healthy individuals were enrolled from a large-scale community-based cross-sectional survey of chronic disease and risk factors among adults in Jilin province during the same period. Any subjects with major medical illnesses were excluded, including metabolic syndrome, thyroid gland disease, or cancer.

To reveal the possible relationship between nodular goiter and PTC, five hundred and sixty-two patients with nodular goiter were recruited as the disease controls from the same hospital during the same period. Also, patients were diagnosed on the basis of pathological results according to the revised American Thyroid Association management guidelines.

All subjects were Han Chinese from Northern China and gender distributions in three groups were similar. They gave written informed consent to participate in the study, which was approved by the ethics committee of the school of Public Health, Jilin University.

DNA extraction and genotyping analysis
--------------------------------------

Genomic DNA was extracted from the EDTA-coated venous blood samples by using ClotBlood DNA Kit (Cwbio, Beijing) and then tested using an ultraviolet spectrophotometer (Beckman, USA) for DNA concentrations.

The *KRAS*gene contains 6 exons and is located at 12p12.1. The single nucleotide polymorphisms (SNPs) were the source of the HapMap database (<http://www.hapmap.org>). We selected four tag SNPs using Haploview version 4.2 [@B26] including rs12427141 (intron), rs712 (3\'UTR), rs7315339 (intron), rs7960917 (3\'UTR) (Population: CHB; R^2^cutoff 0.8; MAF\>0.1; D\'=1). The primers of four Tag SNPs were designed by Assay Designer3.1 (Table [1](#T1){ref-type="table"}). SNP genotyping was conducted by using an iPLEX Gold reagent set (Sequenom, San Diego, CA, USA) containing a PCR enzyme GPR, PCR accessory set, SpectroCHIP II resin kit, and iPLEX Gold reagent kit. The standard polymerase chain reaction (PCR) was performed and PCR products were assayed by the matrix-assisted laser desorption/ionization time of flight mass spectrometry (MALDI-TOF-MS).

Statistical analysis
--------------------

Deviations from Hardy-Weinberg disequilibrium(HWD) was calculated by Chi-square (χ^2^) goodness-of-fit test. Group differences were compared using Student\'s two-sample t-test or one-way analysis of variance (ANOVA) for continuous variables and Chi-squared for categorical variables. Differences of the 4 *KRAS* gene allele and genotype frequencies between groups were evaluated using Chi-square test. Codominant, dominant, recessive, and overdominant genetic models of inheritance were chosen to evaluate the associations of each SNP using the SNPStats program (<http://bioinfo.iconcologia.net/SNPStats>). The best model of inheritance for each SNP was select based on the smallest value of akaike information criterion (AIC) and bayesian information criterion (BIC). Between four *KRAS* markers, pairwise linkage disequilibrium (LD) was analyzed in three groups. Haplotype block, haplotype frequency, and haplotype association were calculated via unphase 3.1 [@B27]. We conducted a 2 \~ 3-window fashion analysis. Less than 1% rare haplotypes were ruled out from the association analysis. 10,000 permutations were executed to adjust for multiple testing.

In this study, we defined the statistical power of the sample as the probability that the test correctly detects true differences of the sample. We then calculated the power using Quanto 1.2.4 Software [@B28], with a PTC population prevalence of 3.7 per 100 000[@B5] and known risk allele frequencies. All data analyses were performed using SPSS18.0 software unless otherwise specified. Data are presented as mean±SD. Two-tailed significance values were used and significance levels were set at 0.05.

Results
=======

Subject characteristics
-----------------------

Demographic characteristics of three groups showed that no differences were observed in gender among three groups and in age between PTC patients and healthy controls (all, *P*\>0.05). However, the mean age of nodular goiter patients (mean age=48.51±10.103) were significantly older than both PTC patients (mean age=43.76±9.302) and healthy controls (mean age=43.73±9.061). Further, we found no differences between genotypes on any of the demographic parameters (all, *P*\>0.05).

The Hardy-Weinberg Equilibrium Analysis
---------------------------------------

The genotype distributions and allele frequencies of 4 SNPs located in the KRAS gene showed that in the three groups the deviation was not detected in HWE (all p \> 0.05) except for rs12427141 and rs712 in normal control group (χ^2^=6.141, *P*=0.013; χ^2^=14.786, *P*\<0.001), rs7315339 in PTC group (χ^2^=7.232, *P*=0.007), and rs7960917 in the three groups (all *P*\<0.05). Thus, we chose 10% samples from normal control group randomly to review genotyping results, showing that the accuracy rate were more than 99%.

The Allele and Genotype Analysis
--------------------------------

Between PTC patients and controls, significant differences in the genotype distributions and allele frequencies were observed for rs12427141 (genotype χ^2^=8.140, *P*=**0.017;**allele χ^2^=3.992, *P*=**0.046**). Between the other three SNPs and PTC patients, the allelic or genotypic association was not found (all p\>0.05) except for the genotype distribution of rs712 (χ^2^=8.258, *P*=**0.016**) (Table [2](#T2){ref-type="table"}). Inheritance modeling based on the smallest value of AIC and BIC suggested a recessive model for rs12427141, an overdominant model for rs712, and a recessive model for rs7315339 by comparing PTC and control groups. Tests for association with individual SNPs showed significance at 2 SNPs (rs12427141,*P*=**0.0062**; rs7315339, *P*=**0.028**) under the recessive model and 1 SNP (rs712, *P*=**0.0045**) under the overdominant model.

Table [3](#T3){ref-type="table"} shows that only the genotype distribution of rs7315339 was found to be significant between PTC and nodular goiter groups (χ^2^=7.234, *P*=**0.027**). Between PTC and nodular goiter groups, there were no allelic or genotypic differences in the other SNPs (all p\>0.05) (Table [3](#T3){ref-type="table"}). Inheritance modeling based on the smallest value of AIC and BIC suggested a recessive model for rs12427141, a recessive model for rs712, and an overdominant model for rs7315339 by comparing nodular goiter and control groups. Interestingly, one *KRAS* SNP, rs7315339, showed a statistically significant association with the nodular goiter risk under the overdominant model (*P*=**0.046**).

In addition, there was no allelic or genotypic differences in all four SNPs between patients with nodular goiter and healthy controls (all p\>0.05) (Table [4](#T4){ref-type="table"}).

The Haplotype Analysis
----------------------

Since a polygenic disease may be associated with a specific combination of alleles, rather than a single allele, we constructed haplotypes [@B29]. There was a significant overall difference between PTC and healthy controls (all, p \< 0.05). Two-four SNP sliding window haplotype analysis indicated that among two-SNP haplotypes, the GA haplotype frequency was greater, but TA less in PTC patients than in healthy controls (χ^2^=4.250, *P*=0.039; χ^2^=8.706, *P*=0.003, respectively). Among 3-SNP haplotypes, the haplotypes TGA and TTG containing the alleles from rs7960917, rs712 and rs12427141, as well as the haplotype GAT containing the alleles from rs712, rs12427141 and rs7315339 were significantly more common in patients with PTC than in healthy control subjects (χ^2^=4.150, *P*=0.042 for TGA; χ^2^=4.359, *P*=0.037 for TTG; χ^2^=4.908, *P*=0.027 for GAT, respectively).

On the contrary, the haplotype TTA from rs7960917, rs712 and rs12427141 or the haplotype TAC from rs712, rs12427141 and rs7315339 was significantly less frequent in the PTC patients than in normal control (χ^2^=8.528, *P*=0.003 for TTA; χ^2^=9.105, *P*=0.003 for TAC) (Table [5](#T5){ref-type="table"}).

The power Analysis
------------------

This total sample had 0.93-0.99 power for rs7960917, 0.98-0.99 for rs712, and 0.97-0.99 for rs12427141, and 0.93-0.99 for rs7315339 to detect dominant polymorphic inheritance in the PTC patients and normal controls, with an odds ratio (OR) of 1.5-2.0 (α=0.05, two-tailed test). Similarly, this total sample had 0.84-0.99 power for rs7960917, 0.95-0.99 for rs712, and 0.92-0.99 for rs12427141, and 0.87-0.99 for rs7315339 to detect dominant polymorphic inheritance in the nodular goiter patients and normal controls, with an odds ratio (OR) of 1.5-2.0 (α=0.05, two-tailed test). In addition, this total sample had 0.85-0.99 power for rs7960917, 0.95-0.99 for rs712, and 0.94-0.99 for rs12427141, and 0.86-0.99 for rs7315339 in the PTC and nodular goiter patients.

Discussion
==========

To our knowledge, this is the first study to investigate the relationships between *KRAS* gene haplotypes and PTC or nodular goiter patients in a Chinese population. This study had three major findings. (1) The *KRAS* rs12427141, or probably rs712 may contribute to the susceptibility to PTC. (2) There was a significant difference in the genotype distribution of *KRAS*rs7315339 between PTC and nodular goiter groups. (3) An association between *KRAS* gene haplotypes and PTC was found.

It is known that the oncogene mutations of the RAS family gene are associated with the development of thyroid cancer [@B30]-[@B32]. *KRAS* gene variations are the predominated RAS mutations in most types of cancer [@B24]. *KRAS*point mutations have been found in 20%-40% of PTC patients across different studies [@B33]. Converging lines of evidence have suggested that*KRAS*genes were activated at a relatively high frequency in human thyroid cancers. The most mutations of *KRAS* gene were located primarily in exon2, exon3 and exon4 [@B17], [@B34]-[@B38]. However, some studies did not find point mutations in these regions of*KRAS* gene [@B39]-[@B41].

Numerous *RAS* gene mutations have been found to have an essential role in the initiation of tumorigenesis and have been identified in diverse thyroid cancers [@B42]-[@B44], particularly in PTC [@B45]. In thyroid cancer, *RAS* gene is a unanimous dual activator of the MAPK and PI3K-AKT pathways. *RAS* gene mutations may promote thyroid tumorigenesis through the verified Ras-Raf-MEK-MAP/ERK pathway (also named MAP kinase pathway) or through its interaction with the PI3K-AKT pathway [@B46]. After these two pathways are activated by the *RAS*gene mutations, they may promote the development and progression of thyroid cancer, which was supported by the experiments of transgenic mice with the deletion of *Pten* and knock-in of *KRAS*^G12D^ [@B47].

Several studies revealed that the rs712 polymorphism in *KRAS* gene was associated with cancer risk [@B48]-[@B50]. The most recent meta-analysis also showed that *KRAS*gene were strongly associated with cancer in Chinese population [@B51]. These studies have our results to some extent. In addition, Jin et al. have reported recently that the *KRAS*rs712 polymorphism was not associated with PTC risk in a Chinese population [@B52], which is disagreement with our current study. One possible explanation for the inconsistency is a difference in geographical regions and sample size between our current study and Jin et al.

Several limitations need to be interpreted with caution. First, the TagSNP selection method in our study may ignore another functional SNP. However, this method was used in a large number of literatures and also was in accordance with statistical principles. Second, despite the presence of departures from HWE, our study has eliminated genotyping errors, the chance or failure of the requisite assumptions of HWE. Third, many subjects were not included in the genotype analysis of 4 SNPs, and this might bring about the bias in the statistical analysis due to the imbalance in the number of 4 SNPs in our current study.

In conclusion, our findings implicate that *KRAS*genotype has an effective function on increased risk for PTC based on individual genotype and haplotype analyses. We observed a potential genetic association of *KRAS* with the risk for PTC in genetically homogeneous Han Chinese population, especially the*KRAS* gene polymorphism rs12427141, or probably rs712. Furthermore, there was a significant difference in the genotype distribution of *KRAS*rs7315339 between PTC and nodular goiter groups, suggesting the difference in genetic makeup of the two diseases. Nevertheless, our present study remain a preliminary stage, due to the limited sample size, the low statistical power, and the poor coverage of genetic variations in KRAS, which recommend to further validate the accuracy and specificity of the association in larger samples of PTC patients and/or in different ethnic populations.

This work was supported by Norman Bethune Program of Jilin University \[2015227\], the Young Scholars Program of Norman Bethune Health Science Center of Jilin University (No.2013202018) and the young Program of Jilin Provincial Health Department (2014Q027).

PTC

:   papillary thyroid carcinoma, *KRAS*: Kirsten rat sarcoma viral oncogene homolog
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:   Single nucleotide polymorphism
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:   Untranslated regions

PCR

:   Polymerase Chain Reaction
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:   akaike information criterion
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:   bayesian information criterion
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:   Linkage disequilibrium

GWAS

:   Genome wide association study.

###### 

Primer sequences for the *KRAS* gene analysis.

  SNPs                                                  Primer sequence
  ------------ ---------------------------------------- -----------------------------------------
  rs12427141   Forward                                  5\'-ACGTTGGATGCAAGACAGAGTTTAATACGGG-3\'
  Reverse      5\'-ACGTTGGATGGGGACATAGTAACTACCCAG-3\'   
  rs7960917    Forward                                  5\'-ACGTTGGATGTAGTCCCTCCCCATTTTGAC-3\'
  Reverse      5\'-ACGTTGGATGGAGAGTTTCACAGCATGGAC-3\'   
  rs712        Forward                                  5\'-ACGTTGGATGCCAAAACTCTGGGAATACTG-3\'
  Reverse      5\'-ACGTTGGATGGCAGACTGTTAGCTTTTACC-3\'   
  rs7315339    Forward                                  5\'-ACGTTGGATGGAAAAGCTAGTAAGGAGTGG-3\'
  Reverse      5\'-ACGTTGGATGGATGGTAGATGGTAATTCAG-3\'   

###### 

The genotype and allele frequencies of SNPs in *KRAS* gene between patients with PTC and normal control.

  ------------------------------------------------------------------------------------------------------------------------------------------------------------
  \            \             Genotypic association (%)   Allelic association (%)                                                                       
  TagSNP \*    Group (n) †                                                                                                                             
  ------------ ------------- --------------------------- ------------------------- ---------- ------- ------------- ------------- ------------ ------- -------
  rs7960917    PTC (861)     701 (81.4)                  160 (18.6)                0 (0.0)    0.754   0.385         1562 (90.7)   160 (9.3)    0.673   0.412

  NC (890)     710 (79.8)    180 (20.2)                  0 (0.0)                                      1600 (89.9)   180 (10.1)                         

  rs712        PTC (858)     527 (61.4)                  289 (33.7)                42 (4.9)   8.258   0.016         1343 (78.3)   373(21.7)    2.470   0.116

  NC (886)     591 (66.7)    243 (27.4)                  52 (5.9)                                     1425 (80.4)   347 (19.6)                         

  rs12427141   PTC (860)     632 (73.5)                  211 (24.5)                17 (2.0)   8.140   0.017         1475 (85.8)   245 (14.2)   3.992   0.046

  NC (894)     685 (76.6)    204 (22.8)                  5 (0.6)                                      1574 (88.0)   214 (12.0)                         

  rs7315339    PTC (824)     665 (80.7)                  158 (19.2)                1 (1.0)    5.795   0.055         1488 (90.3)   160 (9.7)    2.960   0.085

  NC (858)     667 (77.7)    184 (21.4)                  7 (0.8)                                      1518 (88.5)   198 (11.5)                         
  ------------------------------------------------------------------------------------------------------------------------------------------------------------

^\*^ The allele of rs7960917 is T and C, the allele of rs712 is G and T, the allele of rs12427141 is G and A, the allele of rs7315339 is T and C.

^†^PTC means papillary thyroid carcinoma, NC means normal control.

###### 

The genotype and allele frequencies of SNPs in *KRAS* gene between patients with PTC and disease control.

  TagSNP ^\*^   Group (n) ^†^   Genotypic association (%)   Allelic association (%)                                                                       
  ------------- --------------- --------------------------- ------------------------- ---------- ------- ------------- ------------- ------------ ------- -------
  rs7960917     PTC (861)       701 (81.4)                  160 (18.6)                0 (0.0)    0.476   0.490         1562 (90.7)   160 (9.3)    0.429   0.512
  DC (560)      464 (82.9)      96 (17.1)                   0 (0.0)                                      1024 (91.4)   96 (8.6)                           
  rs712         PTC (858)       527 (61.4)                  289 (33.7)                42 (4.9)   3.977   0.137         1343 (78.3)   373 (21.7)   2.547   0.110
  DC (551)      366 (66.4)      158 (28.7)                  27 (4.9)                                     890 (80.8)    212 (19.2)                         
  rs12427141    PTC (860)       632 (73.5)                  211 (24.5)                17 (2.0)   1.628   0.443         1475 (85.8)   245 (14.2)   1.582   0.209
  DC (560)      427 (76.3)      125 (22.3)                  8 (1.4)                                      979 (87.4)    141 (12.6)                         
  rs7315339     PTC (824)       665 (80.7)                  158 (19.2)                1 (1.0)    7.234   0.027         1488 (90.3)   160 (9.7)    0.001   0.979
  DC (527)      431 (81.8)      90 (17.1)                   6 (1.1)                                      952 (90.3)    102 (9.7)                          

^\*^The allele of rs7960917 is T and C, the allele of rs712 is G and T, the allele of rs12427141 is G and A, the allele of rs7315339 is T and C.

^†^PTC means papillary thyroid carcinoma, DC means disease control.

###### 

The genotype and allele frequencies of SNPs in *KRAS* gene between patients with nodular goiter and normal control.

  TagSNP ^\*^   Group (n) ^†^   Genotypic association (%)   Allelic association (%)                                                                       
  ------------- --------------- --------------------------- ------------------------- ---------- ------- ------------- ------------- ------------ ------- -------
  rs7960917     DC (560)        464 (82.9)                  96 (17.1)                 0 (0.0)    2.118   0.146         1024 (91.4)   96 (8.6)     1.896   0.169
  NC (890)      710 (79.8)      180 (20.2)                  0 (0.0)                                      1600 (89.9)   180 (10.1)                         
  rs712         DC (551)        336 (66.4)                  158 (28.7)                27 (4.9)   0.774   0.679         890 (80.8)    212 (19.2)   0.052   0.820
  NC (886)      591 (66.7)      243 (27.4)                  52 (5.9)                                     1425 (80.4)   347 (19.6)                         
  rs12427141    DC (560)        427 (76.3)                  125 (22.3)                8 (1.4)    2.954   0.228         979 (87.4)    141 (12.6)   0.247   0.619
  NC (894)      685 (76.6)      204 (22.8)                  5 (0.6)                                      1574 (88.0)   214 (12.0)                         
  rs7315339     DC (527)        431 (81.8)                  90 (17.1)                 6 (1.1)    4.184   0.123         952 (90.3)    102 (9.7)    2.342   0.126
  NC (858)      667 (77.7)      184 (21.4)                  7 (0.8)                                      1518 (88.5)   198 (11.5)                         

^\*^ The allele of rs7960917 is T and C, the allele of rs712 is G and T, the allele of rs12427141 is G and A, the allele of rs7315339 is T and C.

^†^DC means disease control, NC means normal control.

###### 

The haplotypes association analysis of *KRAS* gene between patients with PTC and normal control.

  ------------------------------------------------------------------------------------
  Haplotypes^\*^           Haplotypes Frequency   χ^2^       *P*               
  ------------------------ ---------------------- ---------- ----------------- -------
  **rs712- rs12427141**                                      Globalχ2=13.920   0.003

  GG                       0.779                  0.769      0.670             0.413

  GA                       0.023                  0.013      4.250             0.039

  TG                       0.101                  0.088      1.274             0.259

  TA                       0.097                  0.130      8.706             0.003

  **rs7960917**\                                             Globalχ2=19.517   0.003
  **- rs712-rs12427141**                                                       

  TGG                      0.766                  0.76       0.233             0.629

  TGA                      0.022                  0.012      4.150             0.042

  TTG                      0.011                  0.005      4.359             0.037

  TTA                      0.099                  0.130      8.528             0.003

  CGG                      0.015                  0.009      2.234             0.135

  CGA                      2.23E-18               4.36E-04   0.445             0.505

  CTG                      0.088                  0.083      0.213             0.645

  **rs712-rs12427141**\                                      Globalχ2=15.570   0.016
  **-rs7315339**                                                               

  GGT                      0.748                  0.743      0.144             0.705

  GGC                      0.032                  0.026      1.107             0.293

  GAT                      0.023                  0.012      4.908             0.027

  GAC                      0                      1.50E-18   -9.01E-08         1

  TGT                      0.014                  0.013      0.103             0.749

  TGC                      0.086                  0.075      1.278             0.258

  TAC                      0.097                  0.130      9.105             0.003
  ------------------------------------------------------------------------------------

^\*^Haplotypes with frequency \>1% in all subjects were lists.
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